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Abstract 
Mobile phones are increasingly being equipped with hardware and software services allowing them to determine their 
locations, however, support for building location-based applications remains a challenging problem. The most widely used 
localization technology in mobile-phones is GPS, but it rarely works indoors and provides low energy efficiency. Cell-tower 
based localization is widely available, but can provide very poor accuracy without a fingerprint profile. Wi-Fi localization, 
provides reasonable accuracy, but is also much less effective in other areas. Constandache et al. proposed an Escort system to 
assist localizing and tracking others in a public place without requiring either GPS, Wi-Fi, war-driving, maps, or floor plans.
However, the Escort system may route one person on a long path even though the person being tracked may be close by. In this 
paper, we will investigate the problem of better tracking paths in the Escort system. We propose a Greedy-Face-Greedy routing 
based human tracking algorithm to reduce the length of tracking path for every pair of users using mobile phones in mobile social 
networks. Through adding one seeker in the Escort, whose main work is to find the better paths between any pair of two 
intersections by applying Greedy-Face-Greedy routing algorithm, the localization and tracking algorithm in the Escort system is
more effective than the original one. Finally, we conduct simulations of our proposed algorithm at the main campus of Temple 
University with different number of mobile users and duration time. The simulation results show that the human tracking 
performance has been greatly enhanced. 
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1. Introduction
With the proliferation of sensor-equipped smart phones, many location-based mobile services and mobile sensing
applications has become reality [1]. In these location-based applications, localizing and routing users around them is 
an important step towards reduce the time people to find others. As others have noted, the increasing pervasiveness 
of commodity smart phones that can provide localization estimates using a variety of sensors -- GPS, Wi-Fi and/or 
cellular triangulation -- opens up the attractive possibility of using position sample from users' phones at a fine 
spatiotemporal granularity [2]. While GPS provides highly accurate location estimates, it rarely works indoors. 
Furthermore, its accuracy degrades in urban canyons, and the energy consumed by GPS devices is a significant 
deterrent. When Wi-Fi localization or war-driving is available, it can provide reasonable accuracy in an urban 
Open access under CC BY-NC-ND license.
Yingchi Mao / Procedia Computer Science 5 (2011) 472–479 473
environment. However, it is also much less effective in other areas [3]. Cellular triangulation is widely available but 
can provide very poor accuracy without a fingerprint profile or outside city centers. 
On the other hand, people spend lots of time doing indoors activities. As a result, many of the most common 
social interactions occur in indoor environments [3]. For example, in [4], authors consider the localization and 
tracking with a hypothetical scenario and developed a navigation system, called Escort, that can localize and route a 
person A to a specified person B in human populated public settings, such as airports, shopping malls, libraries, 
museums, and universities [4]. 
Fig. 1. Example of tracking problem in the Escort system Fig. 2. Architecture of the Escort system [4] 
In the Escort system, each mobile phone is equipped with accelerometer and compass measurements, and capture 
users' "movement traces" using those sensors. When one person A encounters another person B, each phone records 
these "encounters" with a corresponding time stamp. A <movement trace, encounter> is periodically uploaded to the 
Escort Server. The Escort server creates a trail graph, composed of users' positions and paths. With the trail graph, 
person A can be routed to the person B. The situation is depicted in Fig. 2.  
In the Escort system, tracking a person just dependents on their movement trails and encounters, which may 
result in a long routing path, even if they are close by. For example, there are three persons A, B, and C, walking in 
the main campus of Temple University. As Fig. 1 shown, there are three trails of users, colored with red, blue, and 
green, respectively. Person A (blue) and B (red) encounter each other at the junction of W. Montgomery Ave and N. 
13th Street. Person B and C (green) meet at the cross between N. 12th Street and Liacouras Walk. When person A
wants to navigate to C, the Escort server can create a route path based on their trails. Person A can be routed back to 
Paley Library along the yellow line with the original tracking algorithm. In fact, there has one shorter path which 
can be navigated from A to C -- the black line on the map. It is obvious that the tracking performance in the Escort 
system is of low efficiency, because the server is not aware of a possible trail along the shorter path. 
In this paper, we will investigate the problem of having a better tracking path in the Escort system. We propose a 
Greedy-Face-Greedy (GFG) routing based human tracking algorithm to reduce the length of the tracking path 
between every pair of people in mobile social networks. In the original Escort system, we add one seeker, who 
stores the map or floor plan. The seeker is used to find better paths between any two intersections by applying 
Greedy-Face-Greedy routing algorithm in the map. The new found paths immediately are reported to the Escort 
server. The server can compute the shorter tracking path by merged the new path with the current trail graph. In 
addition, if no specific explanation, "routing" and "tracking" express the same meaning in this paper. 
The remainder of the paper is organized as follows: In section 2, the related work is introduced. Then, overviews 
of the Escort system and problem formulation are presented in Section 3. In Section 4, the original routing scheme is 
introduced. Then, we propose the GFG routing assisted human tracking algorithm in detail and analyze their 
properties in Section 5. We conduct simulations of the proposed algorithm in the main campus of Temple University. 
The conclusion is drawn in Section 7. 
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2. Related Work 
There has been much research in localization technology, which can be grouped into three branches. The first 
branch focuses on the tradeoff between energy efficiency and location accuracy [5], [6], [7], [8]. Although GPS can 
provide high accuracy, the energy consumption is a significant challenge for mobile devices. Alternative Wi-Fi or 
GSM based schemes offer longer battery life, but at the expense of lower accuracy. The second one proposes the 
collaborative methods. Combining GPS, Wi-Fi and/or GSM, multiple mobile devices can determine their positions 
[3], [9]. The third one is to propose methods to identify logical locations, as opposed to physical coordinates [10], 
[11]. 
Previous localization solutions considered deploying radios or specialized hardware (e.g., GPS, Wi-Fi beacons 
and cell tower triangulation) in the environment to assist localization. The user's location can be estimated based on 
the overhead signals and the collected data during the calibration phase. Cricket [12], VOR [13] and Pinpoint [14] 
rely on these techniques. Radar [15], Active Campus [16] and PlaceLab [17] rely on access points in the public 
environments to enable localization. These solutions require calibrating Wi-Fi signal strengths at many physical 
locations. The calibration process is time-consuming and may not scale over large areas. In addition, some research 
applies floor plans and/or maps to assist in user localization. CompAcc [18] is an outdoor localization scheme which 
builds a user trail similar to Escort. Authors in [19] rely on a floor plan coupled with Wi-Fi war driving and inertial 
sensors to enable localization. 
Unlike the above localization schemes, Escort only requires minimal hardware support: compass and 
accelerometer sensors in off-the-shelf smart phones, and a beacon [4]. In addition, Escort only relies on trails and 
encounters to achieve localization and provide routing directions between users. 
3. Preliminaries 
3.1. The Main Idea of the Escort System 
The proposed Escort system in [4] is of client/server architecture, as shown in Fig. 2. The Escort client is a smart 
phone equipped with the accelerometer and compass. The accelerometer is used to record the number of steps and 
the speed. When multiplied by the user's step size, the smart phone can compute the user's displacement. The 
compass readings offer the direction of movement. The user's trail can be expressed as a sequence of the 
<displacement, direction, time> tuples. The smart phone periodically uploads the trail information to the Escort 
server over a Wi-Fi/3G wireless connection. In addition, the mobile phone can detect other users by using audio 
signals, if one user encounters others. If one user detects another user, the two users can log this intersection and 
upload it to the server. Thus, the Escort server obtains all users' trail information and creates a trail graph. If one user 
A wants to locate the user B, the Escort server computes the tracking path which routes A back to B in the trail graph. 
Due to sensor noise, the Escort system adopts one beacon to calibrate the user position and user trail. 
In the real application, practical challenge is that Escort may route human on a longer path, even though they may 
be close because the trail graph grows large. Although the Escort system applies pruning heuristics to reduce the 
computational complexity, there are have some limitations. In this paper, we will investigate the problem of 
obtaining a better tracking path by merging the Greedy-Face-Greedy based routing path in the trail graph. 
3.2. Problem Formulation 
There are N users are walking in a public environment, e.g., university campus. The Escort system can provide 
tracking directions to user A to navigate to user B. There are two major phases: data collection and user routing. In 
our model, all users have a mobile phone equipped with the sensors (e.g., accelerometer and compass) and are 
walking in the random viewpoint model. All mobile phones register the Escort service and periodically report its 
sensors' readings to the server. In addition, one seeker is added to the Escort system. The seeker is applied to find 
the new path by applying the GFG-routing algorithm.  
In our model, there are several constraints: (i) Due to our focus on the efficient routing, the position estimates the 
errors of users that are ignored; (ii) Assumed that one user encounter at least one other user for tracking others. 
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4. Original Routing Algorithm 
4.1. Overview
In order to compute the tracking path in the original Escort service, there are three steps: creating a trail graph; 
pruning the trail graph using a pruning heuristic; and pruning the graph running Floyd-Warshall algorithm. 
In the Escort system, the server computes the current position of each user, and the spatial intersections of the 
users' trails. Thus, a trail graph can be created. The edges are segments of user trails, while the vertices are either 
spatial intersections or the current user locations [4]. Fig. 3(a) shows a trail graph of eight users for 10 minutes. 
To maintain such a complex graph and compute the routes over it efficiently, the Escort server runs a graph 
pruning heuristic for every pair of user trails. It is assumed that two users' trails LA and LB intersect each other at 
several positions. The intersections are at different distances, with respect to each user. The pruning heuristic selects 
the closest intersections for both users A and B, respectively. The two intersections and the two paths joining them 
are retained in the trail graph, while other intersections are eliminated. Thus, the resulted graph is a fully connected 
graph, as shown in Fig. 3(b).  
Fig. 3 (a) The trail graph after tracking 8 users for 10 minutes; (b) The resulted graph after applying the pruning method 
4.2. Analysis
The original routing algorithm has some drawbacks. First, the computational complexity of the Floyd-Warshall 
algorithm is O(n3), where n is the number of nodes in the trail graph. When the trail graph grows over time or the 
number of users increases, the computational overhead increases. Second, due to be unaware of the real map, the 
Escort server may miss a possible shorter path along the shortest path. For example, Fig. 4(a) is the three users' trails 
in the resulted graph after applying a pruning heuristic. If using the original routing algorithm, the resulted path is 
ABCDEHGLKRQPO, as shown in Fig. 4(b). If one seeker knows the map information, he can find the shorter path 
by applying Greedy-Face-Greedy routing algorithm. If the new path is found and added to the trail graph, the server 
can compute the shorter routing path ALKRO, as shown in Fig. 4(c). 
5. Greedy-Face-Greedy based Tracking Algorithm 
In order to avoid the drawbacks of the original routing algorithm, we propose a Greedy-Face-Greedy based 
human tracking algorithm. In our algorithm, one seeker is added to look for the new path using the Greedy-Face-
Greedy routing algorithm in the specific area. The seeker owns a mobile phone equipped with the accelerometer and 
compass and the area map has been downloaded in the phone. After the new path is found, it is uploaded to the 
server, and then is merged with the trail graph. If one user A wants to track another user B, the server will run the 
Greedy-Face-Greedy based tracking algorithm and select the shorter path to route A to B.
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(a) The trails of 3 user for minutes (b) Original routing path from user0 to user2 (c) GFG-based path from user0 to user2 
Fig. 4 Routing path simulation example 
5.1. Greedy-Face-Greedy Routing Algorithm 
In the proposed algorithm, due to owning the area map, the seeker can know his position and the positions of 
all road intersections in the specific area. Thus, the seeker can apply the Greedy-Face-Greedy routing algorithm to 
search the shorter path for human navigation. The geographic routing algorithms include three categories: Greedy, 
Face and Greedy-Face combinations, in which greedy-face combinations are the most efficient geographic routing 
algorithms. In Greedy-Face-Greedy (GFG) routing algorithm, each node sends a message to its neighbour that is 
closest to the destination node. If greedy routing fails, face routing mode starts, which forwards the message along 
the perimeter of the face next to the local minimum in the direction of the destination, until the greedy routing mode 
can be resumed. When starting recovery, the distance of the source to the destination dr and the first edge er have to 
be stored in the routing packet header. If the first edge er is visited again for the second time, then the destination is 
not reachable, and the packet is dropped. The distance dr is used to check whether the next hop on the face is closer 
to the destination than the node entering recovery mode. If such a node is found, greedy mode can be resumed 
instead of continuing the face traversal until crossing the s-d-line. GFG switches between greedy mode and face 
mode in order to make sure that the message is continuously getting closer to the destination. This is known as 
sooner-back procedure [20].  
5.2. GFG based  Tracking Algorithm 
The GFG based tracking Algorithm includes four phases. The first and second phases are the trail graph 
construction and pruning the graph, which are the same with the original routing algorithm.  
The third phase is called merging GFG routing path. In this phase, the new found GFG paths are reported to the 
server and are merged with the resulted trail graph after the second phase. For the new trail graph, if it creates the 
new vertices when the new path intersects with the users trails, V Å V Ĥ{new vertices} Ĥ{the intersections in the 
new path}, V is the set of nodes in the trail graph. Meanwhile, the new segments will also be added into the new 
trail graph, that is, E Å E Ĥ{new segments} Ĥ{the edges in the new path}, where E is the set of edges.  
After that, GFG based tracking algorithm enters into the forth phase. The server selects the shortest path to be 
routed from one user back to the other. If one user A wants to be routed to another user B, the GFG based tracking 
algorithm provides two methods to find the routing path. First, it checks whether the GFG path can connect their 
trails. If the GFG path can, A can be routed back to B along that GFG path. Second, it checks whether or not their 
trails have the intersection points. If they do, A can also be routed back to B. If they don’t, based on our constraints, 
one user encounters at least one other user C, during the data collection phase. A can still be routed back to B
through user C. This is because the user C has the intersection points with A and B respectively. Finally, the server 
calculates the length of two paths by applying the above two methods, and chooses the shortest path as the tracking 
path from A to B. It is obvious that the tracking length of our algorithm is not longer than that of the original 
algorithm. 
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5.3. Correctness and Complexity Analysis 
Theorem 1: The GFG based tracking algorithm can ensure that any user can be routed back to the other user in 
the planar network graph.  
Proof.  The seeker runs the GFG-routing algorithm with the map. The road intersections and all of the road 
segments can form a planar connected graph. It has been proved that the GFG routing algorithm can guarantee 
message delivery in the planar connected graph [20]. Thus, the seeker can be guaranteed a routing path for every 
pair of intersections in the road map. After the routing path is found, it is merged with the trail graph by applying 
the pruning algorithm. Because the resulted trail graph after pruning is a full-connected graph, the resulted trail 
graph after merging the GFG routing paths is still a full-connected graph.  
If one user A wants to be routed to another use B, the GFG based tracking algorithm provides two methods to 
find the routing path. One method is to determine the routing path by applying the GFG routing path. The other is 
to compute the routing path by finding the encounter points with the other users. After that, the server calculates 
the length of two routing paths, respectively, and chooses the shortest path as the final routing path. Thus, the 
server can ensure user A to be routed back to user B. Theorem 1 is proved. 
Theorem 2: The worst case complexity of the GFG based tracking algorithm is O(N2).  
Proof.  In the GFG routing algorithm, it is assumed that each node is aware of its own position and the positions 
of the neighbors, and it is also assumed that the source is aware of the destination's position. A message is 
forwarded to its neighbor just based on the local information and the destination location. Thus, the complexity is 
O(m), where m is the degree of node. During the routing path selection phase in the GFG based tracking algorithm 
for two users, at the worst case, the server needs to search all of the intersection points to determine the final 
routing path and the complexity is O(N). Therefore, for all pairs of users, the worst case complexity is O(N2).
6. Simulation Evaluation 
6.1. Simulation Setting & Methodology 
We create an event-based simulator for the evaluation of our proposed tracking algorithm. The mobility area is in 
the main campus of Temple University. In the simulations, we consider the random waypoint movement on the 
networks. In the simulation, the mobile velocity varies from 1.5 to 2.0 m/s.
The methodology of experiments is the same with the Escort system. In the trail data collection stage, a group of 
N mobile users login the Escort server and are monitored for some time T. The movement model is the random 
waypoint model. In the simulation, the sensing sample frequency is set to 5 seconds, and data collection time for 
each time is set to 5 minutes. The times of data collection is 12 and the total duration time of experiments is 60 
minutes. Considering the workload of server and computational complexity of the trail graph, in the simulation, the 
server just stores the related data about the system running for 10 minutes. One seek runs the GFG algorithms with a 
constant velocity of 2.0 m/s. All the statistics are averaged over 50 runs for high confidence. 
6.2. Visualized Simulation Example 
We first give a visualized comparison result applying the two routing algorithm: the original algorithm, the GFG 
based algorithm. In this example, the scenario is that the Escort server tracks 8 users for 10 minutes. Fig. 4(a) shows 
the three users' trails (user0, user1, user2) in the resulted graph after applying the pruning heuristic. Fig. 4(b) and (c) 
illustrate the example of the routing path from the user0 to user2 by applying the original and the GFG based 
algorithm, respectively. It is obvious that the proposed GFG based tracking algorithm can greatly reduce the length 
of path than the other. From Fig. 4(a), the user0's trail cannot intersect the user2's trail. In this example, user0 can be 
routed back to the point where she met user1, then routed along that user1 walked till she encountered user2, and 
finally user0 can be navigated along user2's path to localize her current position. If applying the GFG routing 
algorithm, one seeker finds a new path which can directly connects user0 and user2. Thus, user0 can be routed back 
to the point A, and then routed along the GFG routing path PAB, and finally user0 can be routed back to user1 from 
the point B as shown in Fig. 4(b).  
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6.3. Routing Efficiency 
We evaluate the routing efficiency in terms of the length of the routing path with different number of users, 
ranging from 8 to 20. The system running time varies from 10 to 60 minutes. Fig. 6 illustrates the length of the 
routing path by applying the original algorithm, the GFG based algorithm, and the shortest path algorithm, 
respectively. Fig. 5(a)-(c) shows that the GFG based routing algorithm outperforms the original algorithm, and has 
the close performance to the shortest path algorithm. The GFG-assisted routing algorithm can reduce almost 42% of 
the length of the original routing path, and just increases almost 20% of the optimal results. By varying the number 
of users from 8 to 20, the length of GFG-assisted routing path has a slight decrease. The reason is that the increase 
of the number of users can increase the probability of one user's trail encountering others' trails, which can provide 
higher probability to reduce the GFG-assisted routing path. 
(a) Number of Users: 8 (b) Number of Users: 14 (c) Number of Users: 20 
Fig. 5 Comparison results of routing paths using three routing schemes 
In addition, we evaluate other two metrics: the ratio of the reduced length Ratiolength and the ratio of GFG path 
RatioGFGPath. Ratiolength is defined as the ratio of the length of GFG-assisted routing path to the length of routing path 
by applying the original algorithm: RatioGFGPath is defined as the ratio of the number of tracking path merging GFG 
routing path to the number of tracking path by applying the original algorithm: Fig. 6 and Fig. 7 show the simulation 
results about the two metrics in the same scenario with the above. It is obvious that Ratiolength decrease with the 
increase of the system running time, while RatioGFGPath increases. The new paths by applying GFG routing algorithm 
grow over time. More and more new paths have been merged in the trail graph Thus, if one user wants to localize 
and track another user, there are more GFG routing path to be used to find the shortest routing path.  
Fig. 6 Rate of the length of GFG-assisted routing path Fig. 7 Rate of the number of routing path using GFG path 
7. Conclusion 
To provide the better tracking human performance for many location-based applications, this paper studies the 
problem of obtaining better tracking paths in the Escort system. We propose a Greedy-Face-Greedy (GFG) routing 
based human tracking algorithm to reduce the length of the route path in mobile social networks. In the proposed 
algorithm, one seeker is added to find the better paths for any pair of two intersections by apply GFG routing 
algorithm, and then the new path is merged with the trail graph. To evaluate the tracking performance of the 
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proposed algorithm, we analyze its properties and prove its correctness. Finally, simulation experiments show that 
the proposed GFG assisted tracking algorithm outperforms the original one with the low cost. 
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